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ABSTRACT

The scat tered fields from axisymmetric probleimns
containing lossy dielectrics and an anisotropic me-
dia characterized by a 1o sslcss permeability tensor
arc found by the Hybrid Symmectric Finite Element
(FISFEM) mcthod. This method, recently applied
to lossless ferrite objects, is applied to alossy di-
electric sphere. Extension of this method to scat-
tering from cylindrical horns is discussed.
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1. 1. INTRODUCTION

Development of hybrid methods that combine the
benefits of the finite clement method with those of
integral equation techniques is alowing the analy-
sis of more complicated objects. Specifically, it has
recently been shown that these mcethods can be ap-
plied to bodies of revolution such that the resulting
system matrix is complex and symmetric (Ref. 1).
The resulting system is well conditioned and diag-
onally dominant, In addition, the computational
boundary can be placed on the scattering object in
amanncr Smilar to integral equation solutions.

The advantage of tbc extra work in formulating
a so-caled exact boundary condition comes when
the outer boundary is placed on the object. This
minimizes thel large numb’ of unknowns associ-
ated with the finite element basis functions, but al-
lows their use inside inhomogencous, lossy objects.
lIossy dielectric objects are easily handled by inclu-
sion of complex permittivities. Of even more inter-
cst, anisotropic media cau be handled without, the
need for complicated Green’s functions or diflicult
modal expansions. In particular, this method has
been applied to ferrite materials (Ref. 2, 3). For-
rites are of interest, due to the study of the quasi-
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optical ferrite circulator, for possible J 1'1 .,/NASA
1)ccp Space Network usc. ‘1 ‘he method has been
extended so that the scattering geometry can beil-
luminated by a Gaussian incident. field. The Fara-
day rotation through the device can be found and
the influence of the finite edge cffects determined.

2. II. RADIATION PROBLEMS

In order tostudy radiation from bodies of revo-
lution it is necessary to modify the approach to
include the sources that are internal to the compu-
tational boundary. 1'ypicall y objects such as low
gain antennas used in spacecraft. communications
have axisymmetric gecometrics. 1'hese antennas are
often excited by cylindrical waveguide modes, sce
Figure 1. T'he implementation of this method for
radiating bodies of revolution will be discussed.

The surface integral is used to truncate the finite
clement region using the hybrid symmetric formu-
lation of Ref. 1, but aso includes the effect of the
modal expansion:
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where BYE and BB account for the interactions
between modal and Finite Element. regions.
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Figure 1: Cylindrical horn showing modal and
F'EM regions

3. 111. NUMERICAL RESULTS

Consider the example of planc wave scattering from
a dielectric sphere where ¢, = 2.0 - 52.0, and the
radius of the sphereis It =: 1.59 mm. The finite cle-
ment mesh consisted of 452 triangular elements giv-
ing a matrix order of 1,006 for the 71 = 4 1 nodes.
An outer boundary consisting of 19 triangular sub-
domain basis functions was placed on the sphere.
Figures 1 and 2 show the computed results for the
bistatic RCS for thelossy sphere.
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Figure 2. Plot of the bistatic ¢¢ R CS of a lossy
dicleciric Sphere, ¢, - 2.0- 72.0, f= 30.0 GHz
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Figure 3:lot of the bistatic 00 RCS of alossy

dielectric sphere, €, = 2.0-- 52.0, f= 30.0 Gllz.

The sphere IS excited by an incident plane wave
from@ = 180.0° and¢= O.O°requiring solution of
only then = 4 1 harmonics.

4. 1V, CONCLUSIONS

The Hybrid Symmetric Finite Element was applied
to lossy dielectric materials. The extension of this
method to predict theradiation from cylindrical
horns was discussed.
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